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Comparative studies on the reaction of diploid and tetraploid 
barley to powdery mildew (Erysiphe graminis DC. f .sp. hordei 
Marchal) 
Vergleichende Untersuchung der Resistenz diploider und tetraploider Gersten gegen Mehltau (Erysiphe graminis DC. 
f.sp. hordei Marchal) 
Von V. LIND and P. M. FRANZONE 
Zusammenfassung 
Sechzehn diploide Gerstensorten (Hordeum vulgare L.) und 
die entsprechenden tetraploiden Formen wurden mit drei 
Isolaten des Mehltaus (Erysiphe graminis DC. f.sp. hordei 
Marchal) getestet. Dabei wurden Infektionstyp, Anzahl der 
Infektionen pro cm2 und Sporenproduktion pro cm2 bestimmt. 
Es zeigte sich, daß beide Ploidiestufen den gleichen Infek-
tionstyp zeigten und die Spezifität der Gene unabhängig von 
ihrer Dosis war. Die Verdoppelung des Chromosomensatzes 
bewirkte jedoch bei den Tetraploiden eine Abnahme der 
Infektionshäufigkeit und in 7 von 48 Tests eine signifikant 
erhöhte Sporenproduktion. Die Anwendung quantitativer 
Meßmethoden ermöglichte es, diese Unterschiede aufzudek-
ken. Sie traten jedoch nur bei anfälligen Genotypen auf, die 
keine oder unwirksame Resistenzgene besaßen. Es wird ange-
nommen, daß eine Wechselwirkung zwischen der Resistenz 
und dem gigas-Effekt der Tetraploiden zustande kommt. Die 
Verdoppelung der Genome erbringt keine züchterisch nutz-
bare Veränderung der Resistenz. 
Abstract 
In 16 diploid cultivars of barley (Hordeum vulgare L.) and their 
corresponding tetraploids the reaction of powdery mildew (Erysiphe 
graminis DC. f.sp. hordei Marchal) was studied. The comparisons of 
both ploidy levels were based on infection type, infection frequency/ 
cm2 and spore production/cm2• The duplication of the dosage of 
resistance genes did not result in any deviation from the specifity of 
their resistance reaction. There was, however, a trend for a lower 
number of infections and an increased spore production on tetra-
ploids. These significant changes occured only with susceptible 
genotypes carrying unknown or ineffective genes. Probably, there was 
an interaction between the physiologic changes of tetraploids and the 
resistance reaction. The genome doubling did not result in any change 
of mildew resistance which can be effectively used in plant breeding. 
The dosage effect of a gene can be studied in plant species 
which naturally occur at different ploidy levels, e.g. in potato 
where the effect is already used in breeding programmes 
(WENZEL et al. 1979, PFEFFER and STEINBACH 1982). Studies 
in maize, wheat and barley were concerned with the triploid 
stage of the endosperm. Here the gene dosage proved tobe 
positively correlated with the amount of lysine, protein and 
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enzyme of the kernels (JONASSEN and MUNCK 1981, HEDMAN 
and BOYER 1982, SCHWARTZ and ECHT 1982, BURNOUF et al. 
1983). 
In potato the effect of a gene duplication on the resistance 
reaction of plants was studied by FERRIS (1955). He inoculated 
potato plants in the simplex and duplex condition with races of 
Phytophthora infestans. The plants having a single dominant 
gene for resistance proved to be susceptible whereas duplica-
tion of the gene dosage changed the reaction to resistance. 
According to TOXOPEUS (1957) however , the effect of an extra 
gene for resistance to P. infestans is only small . In experiments 
concerning resistance of maize to Helminthosporium turcicum 
DUNN and NAMM (1970) found that three and four <loses of the 
gene Ht conferred a higher level of resistance than one or two 
<loses, but the differences were not always significant. Artifi-
cially produced polyploids, e.g. autotetraploids from diploids, 
provide another opportunity to study gene dosage effects. In 
barley, great efforts were made to breed autotetraploid cul-
tivars that have a number of useful features, including high 
protein content, improved straw stiffness and !arge seeds. 
In the present study, comparisons have been carried out 
with diploid and tetraploid genotypes of barley (Hordeum 
vulgare L.) after they had been inoculated with different 
isolates of powdery mildew (Erysiphe graminis DC. f.sp. 
hordei Marchal). Only the homozygous genotypes (AA, 
AAAA) are used as they alone are of importance in barley 
cultivars. Their resistance is ascertained qualitatively as well as 
quantitatively. 
Materials and methods 
Sixteen diploid stocks of barley and their corresponding auto-
tetraploid lines were used carrying different genes or gene 
cornbinations of mildew resistance (Table 1). They originate 
from the barley collection described by FRIEDT (1977, 1978). 
The genes were identified and/or described by FAVRET (1965) , 
WIBERG (1974) , TORP et al. (1978) and SCHWARZBACH and 
FISCHBECK (1981) . The autotetraploid lines have the resist-
ance genes in the double dose. The specific effects of genes 
were ascertained visually by scoring the infection types after 
inoculation with three mildew isolates.Classification of the 
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Table 1. Infection types of barley cultivars carrying different genes for 
reaction to three isolates of mildew 
Resistance Mildew isolate 
Genotype gene DUPL-GR OR-4 HL-GR 
Gerda Ml-g, Ml-a6 1 4 4 
Carina Ml-g, Ml-a6 1 4 4 
Impala Ml-g, Ml-a6 1 4 4 
Matura Ml-a6 1 4 4 
Amsel Ml-g, Ml-a7 4 4 ln 
Ara mir Ml-g, Ml-al2 ln 2n 4 
Emir Ml-al2 ln 2n 4 
Union Ml-g 4 4 4 
Palmella at or near 4 4 4 
blue Ml-g and Ml-a, 
Ml-z 
Atlas Ml-at 4 4 4 
Hauters Ml-h 1 2 4 
MC20 ml-o 0/4 0/4 0/4 
Wong unknown 2 2 2 
Ingrid unknown 4 4 4 
Maja unknown 4 4 4 
Dissa unknown 4 4 ln 
Infection types: 0 no disease symptoms 
1 
2 
4 
0/4 
n 
very slight mycelium growth 
medium mycelium growth 
mycelium growth uninhibited 
no symptoms but occasionally a few pustules 
of types 4 
necroses 
infection types was performed according to the international 
scale from 0 to 4 (Table 1). To this scale a further reaction type 
is added, namely 0/4, which corresponds to a highly resistant 
reaction with a few normally developing colonies of mildew on 
each plant and is controlled by the ml-o gene. In connection 
with the infection types, the addition 'n' denotes necrotic 
spots. 
Infection types constitute a description of the host reaction 
without considering other traits, i.e. colony size, incubation 
period, etc. lt was decided, therefore, to add to this qualitative 
description of resistance the determination of the quantitative 
characters (1) infection frequency/cm2 and (2) spore produc-
tion/cm2. Infections are defined as the proportion of spores 
that result in sporulating lesions or in necrotic flecks. Spore 
production was obtained from turbidity measurements of sus-
Table 2. Differences (2x-4x) of infection frequency between diploid 
and tetraploid barley cultivars infected with three mildew isolates 
Mildew isolate 
Genotype DUPL-GR OR-4 HL-GR 
Gerda + 0.2 +26.6 + 11.5 
Carina 0 + 8.1 +10.3 
Matura + 0.6 +17.5 +10.0 
Amsel +21.4 - 5.0 - 3.7 
Ara mir +25.8 + 1.5 + 2.3 
Emir +33.5* + 8.1 +22.5 
Union + 9.4 + 9.5 + 8.1 
MC20 0 0 - 2.7 
Dissa +23.4 +19.2 +10.4 
Impala - 0.5 +18.2 +45.7* 
Palmella blue + 5.9 +25.l +29.7 
Atlas + 5.8 + 7.4 +17.9 
Hauters + 1.8 - 9.4 - 6.3 
Wong + 4.4 + 0.6 - 2.2 
Ingrid +15.0 +12.5 + 4.1 
Maja + 0.7 + 1.3 -10.6 
* Significant at the 0.05 level of probability 
pensions containing the spores which had been washed off 
from the leaves. Both components of resistance were assessed 
in the laboratory at the 3-leaf-stage as described previously 
(LIND 1983). The diameter of lesions or flecks was measured 
by means of a slide gauge. From the data the mean area 
covered by one infection was calculated with the appropriate 
formula for circular area. 
The genotypes were tested in two sets differing in their 
inoculation conditions (80 and 120 spores/cm2). The experi-
mental sets comprised nine and seven genotypes, respectively. 
They were arranged in split-plot designs with two replications 
and each genotype was represented by 20 plants. The data 
were percentage values obtained by relating the measurement 
of each genotype to the average of the highly susceptible 
cultivars 'Union' and 'Ingrid', respectively. The significance of 
the comparisons between means of ploidy levels was tested by 
least significant differences using the formulae provided for 
standard errors of split-plot designs by CocHRAN and Cox 
(1957). 
Results 
Visual scoring of infection types did not yield differences 
between 2x- and 4x-genotypes since both ploidy levels reacted 
similarly to each mildew isolate. Consequently the infection 
types presented in Table 1 refer to diploids as well as to 
tetraploids. In addition of the visual scoring of infection types 
two components of resistance were assessed quantitatively and 
the data subjected to statistical analysis. 
The results obtained from the quantitative assessment of 
resistance components are presented in Tables 2 and 3. For 
infection frequency (Table 2) the plus sign denotes a higher 
number of infections on diploids than on tetraploids. Thus for 
many genotypes diploids show a higher infection frequency 
than tetraploids although in only two cases the differences are 
significant, one with isolate DUPL-GR and one with isolate 
HL-GR. 
The contrary is true for spore production (Table 3). The 
data, which mostly have a negative sign, suggest that the 4x-
types usually favour the production of spores. There is only 
one significant exception with 'Union' infected with HL-GR. 
The existance of 7 significant differences shows that spore 
production differentiates more often between the ploidy levels 
Table 3. Differences (2x-4x) of spore production between diploid and 
tetraploid barley cultivars infected with three mildew isolates 
Mildew isolate 
Genotype DUPL-GR OR-4 HL-GR 
Gerda - l.5 - 84.1* +30.0 
Carina 1.5 -109.6* +31.8 
Matura 0 - 58.4* +27.3 
Amsel + 5.9 - 40.7* + 1.5 
Aramir - 2.2 + 3.3 -31.3 
Emir 0 - 11.6 + 2.5 
Union -22.6 -112.2* +39.8* 
MC20 - 1.7 - 0.9 0.9 
Dissa - 6.5 - 10.7 + 0.7 
Impafa - 5.9 - 28.0 -12.1 
Palmella blue -10.1 5.8 - 8.8 
Atlas -12.3 + 18.4 -13.3 
Hauters - 3.4 + 7.6 - 6.8 
Wong -17.3 - 18.5 - 7.9 
Ingrid -41.7* - 31.7 + 2.4 
Maja -35.4 - 28.3 - 7.0 
* Significant at the 0.05 level of probability 
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Table 4. Differences (2x-4x) in infection area between diploid and 
tetraploid barley cultivars after inoculation with the mildew isolate 
OR-4 
Genotype mm2 
Gerda -0.24 
Carina -0.44* 
Impala -0.17 
Matura -0.24 
Amsel -0.86* 
Dissa -0.08 
Aramir -1.38* 
Emir -2.17* 
Union -0.56* 
* Significant at the 0.05 level of probability 
than infection frequency. Five of these dosage effects occur 
after inoculation with OR-4. The comparison of Table 1 with 
Table 3 reveals that the significant dosage effects are expres-
sed in susceptible genotypes which carry either no identified 
resistance genes or the genes MJ-a6, Ml-a7 and Ml-g, respec-
tively. All other genes (MI-a12, Ml-a, MJ-z, Ml-at, Ml-h, ml-o) 
were not related with significant dosage effects. 
The relationship between increased spare production of 
tetraploid genotypes and colony size was investigated with 
seven susceptible genotypes after inoculation with the isolate 
OR-4. In addition, two cultivars ('Aramir', 'Emir') which have 
the reaction type 2n were included in this study. The infections 
of all 4x-types are covering a !arger area (Table 4). The 
differences between diploids and tetraploids are significant in 
five cases, with the greatest differences found for 'Aramir' and 
'Emir' which developed !arger necroses. The measurements 
from 'Gerda' and 'Matura' show, that an increased spare 
production is not always related with significantly enlarged 
pustules. 
Discussion 
Visual scores of infection types are normally used to define the 
specific effects of resistance genes. In the present study this 
method of assessment did not reveal differences between 
diploid and tetraploid genotypes of barley. On the other hand, 
by the quantitative measurements of infection frequency and 
spare production significantly deviating effects between both 
ploidy levels could be detected in 8 of 16 genotypes. Since the 
tetraploids were directly produc-ed from the original diploids 
by genome doubling the differences between both can be 
interpreted as dosage effects of genes. 
The infection frequency provided only very few indications 
for a dosage effect, whereas the differences became more 
evident for spare production. Moreover, both components are 
affected in a different direction by the genome: 
(a) Infection frequency tends to be higher in diploids than in 
tetraploids, although only 2 comparisons are significant. 
(b) On the other hand, spare production is mostly favoured in 
tetraploids and is increased significantly in 6 genotypes. 
As gene dosage effects occurred only in tests in which the 
genotypes proved to be susceptible (infection type 4), the 
genome duplication provides no method for plant breeding to 
improve the qualitative and quantitative resistance. 
The dosage effects cannot be explained alone by the action 
of genes for resistance. The duplication of the genome fre-
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quently induces the so-called gigas effect resulting in increased 
cell volumes and physiologic changes. The plants show 
reduced and late tillering, a lower vitality and other mor-
phological deviations. These changes may interact with the 
reaction of the 4x-types on the attack of the mildew isolates. 
The influence of the rest genome on the resistance reaction 
can be deduced from the susceptible genotypes. They showed 
significant quantitative dosage effects as there was no masking 
by resistance genes. Consequently, the lower infection fre-
quency of tetraploids could depend on the lower number of 
the bigger cells per area unit. On the other hand, the increase 
of spare production may result from a better nutrition of the 
fungus by the bigger cells. A higher spare yield in tetraploid 
strains favours the epidemic built up of the mildew disease and 
may support the observations of plant breeders that tetra-
ploids are frequently more susceptible than diploid strains. 
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